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(54) Title: THANSSCLERAL DRUG DELIVERY DEVICE AND RELATED METHODS 



I 

o 

O (57) Abstract: The invention provides a low-profile, dome-sh^sed body for attachment to a scleral surface of an eye and defining 
^ an intermd cavity for teoeiving a drug or other pharmaceutically active agent The device has an opening for contiollably delivenng 
^ the drug into the eye at therapeutically efifective concentrations aver a prolonged period of time. When attached, the device does not 
affect or otherwise lestrict movement of the eye. Features of the invention include an optional drag inlet port and puncture guard, 
both designed for refilling the device while preventing a needle inserted throu^ die inlet port from contacting the sclera. 
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TRANSSCT.RR AL DRTTG DFJ^TVERY DEVTrR AND RFT AT^p METHODS 



CROSS^REFEmsrCB TO RELATED yiPPUCATION 
[0001] 'IWsappKcation claims the beaefit of and . 
No. 60/447,971, ffled Febtuaiy 18, 2003, the disclosure of which is incotpotated by reference 
herein. 

FIELD OF THE INVENTION 
[mi] Tbis invention relates generaUy to ttanssdetal drug de&rety and, more particukdy, to an 
implantable device for ttanssdetaHy deliveong a drug to the vitreal cavity of a mommaliati eye, and 
to a medio d for introducing a drug into the vitteal cavity using the device. 

BACKGROUND OF THE flVFENTTON 
[0003] The way a particular drug is administered to a recipient can sigmficandy affect the 
efficacy of the drug. For example, some therapies, in order to be optimal, require that die drug be 
administered locally to a particular tatget site. Furthermore, some of diose drugs need to be present 
at the target site for a prolonged period of time to exert maximal effect 

[0004] One approach for achieving localized drug delivery invohres injection of drug direcdy 
into die site of desired drug activity. Unfortunately, diis approach may requite periodic injections of 
drug to maintain an effective drug concentration at die taiget site. In order to probng die existence 
at die taiget site, die drug may be formulated iato a slow release formulation (see, for example, 
linger (1998) Nature 392, Supp. 5-10). For example, die dnig can be conjugated widi polymers 
which, when administered to an individual, are dien d^ded, for exatiq>le, by proteolytic enzymes 
or by hydrolysis, to gradually release drug into die ta^ site. Similady, drug can be trapped 
diroug^out insoluble matrices. Foflowing administration, drug then is released via diffusion out oi^ 
or via erosion o^ die matrices. Alternatively, dnig can be cncapsuktedwidiin a semi-permeable 
membrane or %osome. Following administration, the drug is released either by diffusion through 
die membrane or via breakdown of die membrane. However, problems associated widi localized 
drug injection can inchidc, for example, repeated visits to a health care professional for repeated 
injections, difficulty in stabilizing drugs widiin slow release formulations, and die control of die 
concentration profile of the drug over time at die taiget site. 
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[0005] Another appioach for localized drug delivery includes the insertion of a catheter to 
direct the drug to die desired target location. The drug can be pushed along the catheter from a 
drug reservoir to the target site via, for example, a pump or gravity feed Typically, this approach 
employs an extracorporeal pump, an extracorporeal drug reservoir, or both an extracorporeal pump 
and extracorporeal drug reservoir. Disadvantages can include, for example, die risk of infection at 
the catheters point of entry into die recipient's body, and tibat because of their size the pump 
and/ or die reservoir may compromise die mobility and life style of the rec^ient 

[0006] Over the years, implantable drug ddivety devices have been developed to address some 
of the disadvantages associated with localized injection of drug or tibe cadieter-based procedures. A 
variety of in^lantable drug delivery devices have been developed to date, 

[0007] One type of implantable drug delivery device includes die osmotically driven device. A 
varietyof osmotic drug delivery devices are known in die art For example, one such device is 
available commercially from Durect Corp. (Cupertino, CA) under die tradename DUROS®. 
Similady anodier device is available from ALZA Scientific Products (Mountain View, CA), under 
15 the tradename ALZET^. In some devices, the influx of fluid into the device causes an osmotically 
active agent to swelL The swelling action can then be employed to push drug initially stored in a 
reservoir out of die device. DUROS® pumps reportedly deliver up to 200 mg of drug at rates as low 
as 0.5 per day. However, osmotic pumps stop working when the osmotic engine in the device or 
drug reservoir becomes exhausted. 

20 [0008] 1b addition to osmoticalfy driven drug delivery devices, a variety of mecham 

electrochemical devices have been devcbped to date. U.S. Patent No. 3,692,027, for ^mp1i> 
describes an iii^lantable,dectro-mechanical drug delivcty device. The device includes, within a 
flmd-in^)ermeable and sealed casing, a watch-type drive mechanism that drives a circular wheel 
The wheel contains a phirality of cavities, all of which apparently ate radially disposed in a sin^e 

25 plane abom the drcumference of the wheel Once die drug-containing cavity moves into alignment 
widi an aperture througji the casing, a piston associated with the cavity ejects medicine out of the 
cavity and djrou^ the aperture. This type of device can be quite large in size and, dierefore, may be 
u nsuitab l e for implantation into small cavities widiin die bo^. 

[0009] One area wbexc implantable devices capable of delivering a drug to die target site for a 
prolonged period of time are particularly useful is die field of ophdiahnology. Widiin die past 
several decades, great advances have been made in die diagnosis and treatment of various ocular 



30 
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disotdets. Advances in laset technology and vitteotetinal surgical techniques have significantly 
imptoved the prognosis of numerous ocular disotdets including, for example, diabetic retinopathy, 
macular degeneiation, and tetinal detachment As tte pathology of these and many othet ocukt 
disotdets is also becoming mote cleady undetstood, significant efifotts have been made to identify 
dtugs that, once administeted to die eye, can ameEotate one ot mote symptoms of these disotdets. 
In addition to the numetous antibiotic, antivital, and antifungal agents cuttendy being used to tteat 
infections of die retina and vitteous, many anti-angiogenic dtugs, anti-inflamanatoty drugs and 
anticancer dtugs, for example, topical and periocular steroids, have been shown to be useful in 
treating ocukt disotdets. As anodiet example, an anti-sense based ihetapeutic known as 
Vitiavene™ has been approved in the U.S. fot the treatment of cytomegalovirus retinitis (see, fot 
example, de Smet etaL (1999) OCULAR IMMUNOL. ttlEL 7: 189-198). In addition, an anti-vasculat 
endotiielial gtowtii fiictot (VEGF) antibody and an anti-VEGF aptamet curtentfy ate being tested as 
agents fot die treatment of the neovascuht form of age-tdated macular dictation (see, for 
exan^le, Gtyet etaL (2002) REHNA 22:143-152). 

[0010] Unfottunatety, Ac ddivety of drugs into the intetiot of an eye can be problematic 
AWiougJi some drugs can be administeted systemicaDy, fot example, orally or intravenously, some of 
die blood vessels in the retina (and odier parts of die central nervous system) are relativety 
impetmeable to many drugs. Accocdingiy, very higji concentrations of drug may be requited in the 
systemic drculation to generate therapeutically effective dosages in the ^e. This may create 
significant systemic side effects on othet oigans of the body. 

[0011] The problems associated with systemic administration may be mitigated by localized 
administration, for example, via topical application and inttavitteal injection. However, both 
approaches have their own problems. For example, drugs applied topicalty to die eye, for exan^le, 
in die form of eye drops, may not penetrate throu^ the cornea well enou^ to provide 
dietapeuticalfy effective concentrations in die eye. Alternative^, when dru^ are injected ditecdy 
into die vitteous cavity, diis ptocedute itself entails cettoin risks, such as infection, bleeding catatact 
formation, and retinal detachment Furdiermote, die majority of the injected drag is often deared 
firom die vitreous cavity widiin several days, necessitating multiple injections for prokuiged 



treatment 



[0012] Accordingjy, a variety of devices have been developed for introducing drugs into the 
vitteal cavity. U.S. patent appKcation pubKcation no. 2002/0026176, for exanq)le, disdoses a dnig- 
containing pbg that can be inserted througjh die sdeia so diat it projects into the vitreous cavity to 
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ddiyer drug into the vitreous cavity. U.S. Patent No. 5,443,505 discloses an implantable device for 
introduction into a suprachoroidal space or an avascular region for sustained release of drug into the 
interior of the eye. U.S. Patent Nos 5,773,019 and 6,001,386 disdose an implantable drug ddhrety 
device attachable to the scleral surface of an eye. The device comprises an inner core containing an 
5 effective amount of a low solubility agent covered by a non-bioerodible polymer that is permeable to 
the low solubility agent Dxiring operation, the low solubility agent permeates the bioerodibk 
polymer cover for sustained release out of the device. U.S. Patent No. 6,416,777 discloses a device 
comprising a pharmaceutically active agent and having a geometry that fedlitates the implantation of 
die device onto an outer surface of the sclera beneath the inferior oblique muscle such that, during 
10 operation, the agent is disposed above the macula. Also known is a drug delivery device that is 
made of a biodegradable polymer containing dexamethasone steroid that can be inserted into the 
anterior or posterior chamber via a 20-gaugeindsioa. Anodier known drug ddivery device is a 
reservoir filled with fluodnolone acetonide fhat is implanted to the vitieal cavity through a 3 .5- 
mm incision. 

15 [0013] Although a variety of inq>lantable drug delivery devices have been developed to date, 
there is still an ongoing need in die art for reliable, miniaturized, implantable drug delivery devices 
that permit the localized delivery of a drug over a prolonged period of time thereby tnainfg>initig the 
drug at the taiget site in therapeutic concentrations. 

SIMMABYOP THE nSlVENTION 
20 [0014] Accordingly, it is an object of the present invention to provide a transsderal drug 

delivery device that overcomes the limitations of known devices and methods. Specificalfy, it is an 
object of the present invention to provide for improved delivery of drugs and other pharmacological 
agents to die vitreous cavity of the eye, especially for treating ocular disorders. Another object of 
the present invention is to provide a device that permits a drug to be dehvered to the vitteous cavity 
25 with a singjle initial smgery and without die need for repeated invasive sui^eries or procedures. Yet 
another object of diis invention is to allow rq>lenishment of the drug within an implant already 
attached to the sdem by injection of the drug into the in^lant, without sutgery or other invasive 
procedure. 

[0015] According^, the invention features a low-profile, dome-shaped body for attachment to 
30 an exterior scleral surface of a mammalian, for eicample, a human, eye. The dome-shaped body 

define s an internal cavity for receiving a drug. Hie device has an opening for controUably delivering 
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the agent into the eye in therapeutic concentrations over a prolonged period of time. When 
attached, the device does not substantially a£fect or otherwise restrict movement of the eye. 

[OOlij] In one aspect, die invention provides a ttanssderal drug delivery device for delivering a 
drug into a fnamtnaWan eye. The device includes a dome member that has a base region and defines 
5 a cavity for receiving the drug, and a base plate attached to the base r^on. The base plate has a 
sdera-contacting sur&ce generally concave in shape for attaching the device to tiie scleral sur&ce of 
the eye. The base plate defibes at least one drug oudet port to provide fluid flow communication 
between the cavity and the scleral sur&ce of the eye when the device is attached to the eye. The 
drug oudet port is at least 25%, preferably 25% to 50%, of the footprint of the base region. The 

1 0 base plate may optionally be integral with the dome member. In various embodiments, at least one 
of the dome member and the base plate is febricated fix>m a bioconq)atibIe, non-biodegradable 
material^ for example, a metaL In various embodiments, the device further includes a drug disposed 
within the cavity of the dome member. The drug oudet port is dimensioned to permit controlled 
delivery of drug to die outer surface of the eye, which can then diffuse through the sclera to permit a 

15 therapeutically effective amount of the drug to accumulate within the interior of the eye. 

[0017] In one embodiment, the base plate has a first diameter and defines at least one drug 
oudet port having a second diameter. The second diameter equals at least one half of the first 
diameter. 

[0018] The dome member tnayfiirther define a drug inkt port for introducing die drug i^ 
20 cavity. In various embodiments, at least a portion ofthe dome member or die base plate is 

substantially impenetrable to a needle inserted through the drug inlet port The device may also 
include a puncture guard for preventing a needle inserted through the drug inlet port fix>m 
contacting the scleral sur&ce ofthe eye. The puncture guard may be disposed adjacent to at least 
one sur&ce of the base plate, or at least one sur&ce of the dome member, and may be &bricated 
25 £com a rigid material, for example, a metaL 

[0019] In another aspect, the invention provides a ttanssderal drug delivery device for 
delivering a drug into a mammalian eye. The device includes a dome metnber tliat has a base region 
and defines a cavity for receiving the drug and at least one drug inlet port for introducing the drug 
into the cavity. The device also includes a base plate attached to the base region. The base plate has 
30 a sdera-contacting sur&ce for attaching the device to a sdetal sur&ce ofthe eye and defines a drug 
outlet port to provide fluid communication between the cavity and the scleral sur&ce of the eye 
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when the device is attached to the sdetal surfece. The device further includes a puncture guard for 
preventing a needle inserted through the drug inlet port ficom contacting the scleral surfiice. The 
puncture guard may be disposed adjacent to at least one sur&ce of the base plate, or at least one 
surfece of the dome member, and may be &bricated from a rigid material, for example, a metaL In 
S various embodiments, the device further includes a drug disposed vnlim the cavity of the dome 
member. 

[0020] The base plate may optionally be integral with die dome member, hi various 
embodiments, at least one of the dome member and the base plate is fabricated from a 
biocompatible, non-biod^radable material, for example, a metaL la some embodiments, the 
1 0 material of at least one of the dome member and the base plate is biodegradable. 

[0021] In yet another aspect, the invention provides a transscleral drug delivery device for 
delivering a drug into a matnmaltan eye. The device includes a dome member that has a base r^on 
and defines a cavity for receiving the drug, and at least one drug inlet port for introducing the drug 
into the cavity. The drug inlet port is configured to prevent a needle inserted therethrough £com 
15 contacting a scleral surface of the eye when the device is attached to the eye. The device also 

includes a base plate attached to the base r^on. The base plate has a sdem-contacting surface for 
attaching the device to a scleral surface of the eye and defines a drug oudet port to provide fluid 
communication between the cavity and the scleral sur&ce when the device is attached to the eye. 

[0022] In some embodiments of this aspect of the invention, the drug inlet port is an aperture, 
20 which is defined by the dome member, and which has an axis that is orthogonal to die aperture and 
does not intersect the base plate. In a particular embodiment, the axis is substantially parallel to the 
base plate. To the extent that the axis orthogonal to the aperture intersects the base plate, the device 
preferably comprises a substantially rigid base plate and/or a puncture guard to prevent a needle 
inserted through die drug inlet port fix>m contacting the scleral sur&ce of the eye. 

25 [0023] In other embodiments of diis aspect of the invention, the drug inlet port includes a 

generally tubular member that is disposed in an aperture defined by the dome member and defines a 
lumen having a central longitudinal axis. The central longitudinal axis of the lumen does not 
intersect die base plate, for example, is substantially parallel to the base plate. 

[0024] In still others aspects, the invention provides a method of delivering a drug into a 
30 matnmatian eye* The method includes attaching thy ttanssderal drug delivery device described 

above to a scleral surface of the eye; and pettnitting drug disposed within the dome member to exit 
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the cavity and contact the sdetal sutface. In various embodiments, the methods furtlier include 
introducing dtug into the cavi^. 

BBIEFDESCRIPnON OF THE DRAWmGS 
[0025] In the drawings, like reference characters generally refer to the same parts throughout 
the dififerent views. Also, the drawings are not necessarily to scale, emphasis instead generally being 
placed upon illustrating the principles of the invention. In the following desctq>tion, various 
embodiments of the present invention are described with reference to the following drawings, in 
which: 

[0026] FIG. lA depicts a top view of a transsdetal drug delivery device according to one 
embodiment of the invention attached tx> a scleral sur&ce of a human eyeball; 

[0027] FIG. IB depicts a cross-secdon of the embodiment shown in FIG. 1 A taken along line 
A-A; 

[0028] FIG. 2 depicts a dome member of die transsderal dtug delivery device having a base 
region according to one embodiment of the invention; 

[0029] FIGS. 3A - 3C depict a dome member of the transsderal drug ddivety device having an 
drug inlet port according to the embodiments of the invention; and 

[0030] FIGS. 4A - 4C depict a dotne member of the transsderal drug delivety device having a 
puncture guard according to the embodiments of die invention. 

DETAES.D DESCRUPnON 
[0031] It has been discovered that certain drugs, when appHed to the outer surface of an eye, 
can traverse the sdera and enter the interior of the eye (see, PCT/USOO/00207 and Ambati et aL 
(2000) INVEST. OPfTIHAL. ViS. Sa. 41:118M185). More specifically, it has been found tiiatlajge 
molecules, for example, immunoglobulin G can diffuse across the sdera of rabbit eyes in a tnqnn^t 
consistent with porous diffusion diroug^ a fiber m^frtY (Ambati et aL (2000) suprd). ThiQ 
observation has led to the possibility of delivering immunoglobulins and other compounds 
transderaHy to treat disorders associated with, for exan^le, the retina and choroid (Ambati etaL 
(2000) j>^). 

[0032] Hie invention provides a midatnnzed, low-profile, implantable, transsderal drug 
delivety device capable of delivering one or mote drugs at defined rates to a particular - 
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ovet a ptoloQged period of time. The devices of the invention can be used to delivet a drug of 
interest into a recipient, for e y a tn plc, a mammal, more specifically, a human. In view of its small 
size, it is conten^lated that the drug delivery device may be implanted using minimally invasive 
procedures into a small body cavity. For example, the device, when attached to a scleral surfece, can 
5 be accommodated by the eye socket Thereafter, the device deposits drug onto the sderal surfece 
over a prolonged period of time. The drug then diffuses through the sclera and into the target tissue 
to ameliorate the symptoms of an ocular disorder and otherwise impart a localized prophylactic 
and/ot therapeutic effect 

[0033] Dm£ DeHvery Device 

10 [0034] The min ia t urized drug delivery device of the invention may be more fully imderstood by 
reference to die drawings. Referring to FIGS. lA-lB, a transsderal drug ddivety device 100 
according to one embodiment of the invention is attached to an exterior sderal surface of eye 105. 
The eyeball is shown schematically and in just enougji detail to enable an understanding of the 
present invention. Certain parts of the eye are thus briefly identified with reference numerals. 

15 Schematically represented in eidier or both of FIGS, 1A.-1B are cornea HO, lens 115, iris 120, sdera 
125, retina 130, vitreal cavity 135, and optic nerve 140. 

[0035] Still referring to FIG. IB, the transsdei^ drug delivery device 100 includes a dome 
member 150 having a wall 152 and defining a chamber or a cavity 155 for receiving and storing a 
drug 157. Hie cavity 155 is in fluid flow communication with the exterior of the dome member 150, 
20 so that when the device 100 is attached to the sderal surfece 125, the cavity 155 is in fluid flow 
communication with the sdera 125. The dome member 150 preferably is pre-formed of rigid or 
semi-£^^ ma te rial to have a generally outwardty concave shape and a low profile so as to fit easily 
and dosely against eye 105 during the implantation procedure. Other shapes, induding shapes 
having variable curvature, are also contemplated. 

25 [0036] Because the device of the invention is designed for implantation into a body and to the 
extent that the cavity 155 of the dome member 150 is accessible to body fluid, the choice of material 
for febricating the dome member 150 and the fluid contactixsg surfece of the inner components of 
die device 100 is important Specifically, the tissue and/or body fluid contacting portions of the 
drug delivery device 100 preferably are febricated horn an inert, biocompatible material If die tissue 

30 and/ or body fluid contacting portions of the device are not febricated from biocompatible materials, 
dien they preferably are encapsulated witliin a bioconqjatible material, such as, polyethyien^^l. 
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polyvinylchloride, potycatbonate, polysulfone, potytetcafluoioethylene^ patykae, titanium or the like, 
pnot to implantation. 

[0037] In addition to biocompatibility, weight, strengtii, particulady sttength-to-thidmess latio, 
as wen as fluid impemieability are other important considerations in the choice of materials. Useful 
5 biocompatible materials indude, for example, a metal or an alloy of two or more metals, for 

example, gold, titanium, titanium alloy (such as an alloy including 6% aluminum and 4% vanadium 
"with balance titanium), nickel titanium, stainless steel, anodized aluminum, or a rigid or semi-rigid 
non-metal, for example, a polymeric composition. 

[0038] In some etnboditneots, die matetial of llie device 100 is non-biod^jtadable so that tlie 
10 device 100 remains implanted in the patient's body substantially indefinitely. In other embodiments, 
the matf i rial of the device 100 is biod^radable afber a substantially predetermined period of time, 
such as, for example, approximately one year. Inaparticularembodiment^ the material of the device 
100 is selected such that die device 100 would harmlessly dissolve in the patienf s body shortiy after 
the drug delivery process is complete and die disease state resolved. 

1 5 [0039] In some embodiments, the dome member 150 is fabricated \17ilh a homopolymer, a 
copofymer, straight, branched, cross-linked, or a blend thereof that may or may not be 
biod^pcadable. Examples of polymers suitable for use in said polymeric composition include 
silicone, polyvinyl alcohol, polyethylene, polypropylene, nylon, polydimethylsiloxane, polymethyl 
metfaacrylate (PMMA), polyurethane, ethylene vinyl acetate, polylactic add, polycarbonate, cellulose, 

20 cellulose acetate, poly^ycoKc acid, poljdactic-^ycolic acid, cellulose esters, polyethersulfone, acrylics, 
their derivatives, and combinations thereof. Examples of suitable soft acryhcs are more fully 
disclosed in U.S. Pat No. 5,403,901. Further, examples of biodegradable polymers suitable for use 
with the invention iadude polyesters composed of homopolymers or copolymers of glycoUde and 
lactide, such as poIy(DL-lactic-co-^ycolic adc^CTLGA'"), as well as polycaprolactone 

25 homopolymers and copolymers. 

[0040] Ihe polymeric conq>osidon may also comprise odier conventional triat<>rSal« that affect 
its physical properties, including, but not limited to, porosity, tortuosity, permeability, rigidity, 
hardness, and smoothness. Exemplary materials affecting cAntf^^ ones of these physical properties 
include conventional plastidzers, fillers, and lubricants. The pofymeric composition may con^rise 
30 other conventional materials that affect its chemical properties, induding, but not limited to, toxidty 
and hydrophobia^. 



wo 2004/073551 



-10- 



PCTAJS2004/004625 



[0041] In vadous embodiments, the dome member 150 fabticated &om the polTmedc 
con^osition may be made by conventional polymer processing methods, including, but not limited 
to, injection molding, extmsion molding transfer molding, compression molding, and 
steteoUdiography. In one embodiment; the dome member 150 is formed usitig conventional 
S injection molding techniques. Esctrusion or blow moldijigtediniques can also be used In other 
embodiments, the dome member 150 fabricated fcom a metal or a metal alloy can be manu&ctured 
by any method or combination of methods known in the art, including, for example, (otffng, 
stamping, die casting, thixomolding, machining, turning, sintering, or stereolithogtaphy. 

[0042] In some embodiments^ the material of the dome member 150 is impenetrable by an 
10 injection needle or syringe. In other embodiments, an additional stmcture, such as a puncture guard 
described in more detail bdow with reference to FIGS. 4A-4C, is provided to prevent the injection 
needle ficom ioadvertendy contacting the sclera 125. 

[0043] The wall 152 of dome member 150 includes a base portion or region 165 disposed 
proximate to eye 105 following implantation of die device 100 onto the sclera 125. In various 

IS embodiments, the dome member's profile in die base region 165 differs ficom die profile of the rest 
of die dome member 150. The transition between profiles is preferably smooth so as to reduce 
patient's discomfort As shown in FIG. IB, in one embodiment of the invention, die base region 
165 has a g^erally tubular shape, that is, a cross-section of the dome member 150 taken parallel to 
the sdera 125, that remains constant throughout die base region 165. In another embodiment, as 

20 shown in FIG. 2, there is no profile variation between die base region 165 and the rest of the dome 
member 150. In some embodiments, the base region 165 is a separate structure joined in a fiuid- 
tjgjht manner to the dome member 150, by soldering or adhesive bonding. 

[0044] With continued reference to FIGS. lA-lB, in one embodiment, base region 165 has a 
generally drcular footprint over the sdeta 125. As understood by those skilled in the art, the shape 
25 of the fooq>rint may be raried to facilitate implantation. For example, in some embodiments, the 
base region 165 may have a rounded rectangular, oval, or irregulady-shaped, rounded footprint 

[0045] In various embodiments of the invention, the ttanssderal drug delivery device 100 also 
includes a base member, for example, a base plate 170 having a sdecal-contacting sxir£ice 175 of 
outwardly concave shape or curvature generally con^kmentary to the curvature of the sclera 125. 
30 In one embodiment, base plate 170 is an int^ral part of the dome member 150, such that base plate 
170 and dome member 150 are fabricated as a one-piece stmcture. In other embodiments, the base 
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plate 170 is a separate sttuctute joined in a fhiid-tigjit mannet to the base tc^on 165 of the dome 
member ISO, by, for example, soldering or adhesive bonding. In some embodiments, the base plate 
170 is made of a toug^ material impenetrable by an injection needle or syringe, for example, 
fiabricated of a plastic, such as nylon, Kevkr, or potymethyl methactylate ^MMA), or metal, such as 
5 titanium or tantalum. In these embodiments, the base plate 170 may be febricated from the same 
material as the dome member 150, or a different material In other embodiments, an additional 
stmcture, such as a puncture guard described in more detail bdow Trith reference to FIGS. 4A-4C, 
is provided to prevent the injection needle from contacting the sdeta 125, 

[0046] In various embodiments, the base region 165 of die dome member ISO or the base plate 

10 170 may optionally define one or more apertures, fenestrations or eyelets to permit the device 100 to 
be immobilized to the tissue of interest, for example, via sutures or the like. Furthermore, the base 
region 165 of the dome member 150 may optionally comprise a rim or flange disposed about the 
circumference as part of or adjacent to base plate 170 to assist in attaching the device 100 to the 
tissue of interest In some embodiments, the device 100 is attached onto the eye by affixing the base 

. 15 plate 170 to die sclera 125, by, for example, sutures, passing through eyelets attached to base plate 
170 or base region 165, or noattress sutures criss-crossing the dome member 150. Furthermore, the 
device may be attached to sclera 125 via a biocompatible, non-biodegradable adhesives, such as, for 
example, a fibrin sealant or other kind of tissue ^e. In addition, the base of the device preferably is 
configured and/ or attached to the surface of the eye so that die base is sealed to prevent drug 

20 released from the cavity 155 from contacting portions of the sdeial sur&ce that are not underneath 
the base plate 170. In odier words, die base r^on 165 of the device is sealed to prevent drug from 
leaking out from under the base region 165. The sealing can be accomplished during attachment by 
applying a biocompatible gjiue or sealant to the base of the device prior to attachment to the sdeta. 
Alternatively, the base plate may be sealed after attachment of the device by applying a 

25 biocompatible g^ue or sealant around the exterior of the base plate 170 in contact with the sclera 125. 

[0047] When in use, the device 100 is substantially impermeable to both the body fluids of the 
environment and to the drug, except through the drug outlet port, and an optional drug inlet port 
(described in detail below). Referdng still to FIG. IB, in one embodiment; die base plate 170 
defines at least one drug outlet por^ such as an aperture 180, for tnamtflining die cavi^ 155 of die . 
30 dome member ISO in fluid flow communication with the exterior of the device 100, thus permitting 
the drug contained with the cavity of the in^lanted device 100 to exit the device and contact the 
sdeta 125. 
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[0048] The number, configutation, shape, and size of the apettures aic chosen to pxovide the 
tdease tate requited suiting a treattnent teg^en. In some embodiments, more than one aperture 
maybeprovidedin the device for the release of drug. When more tihan one aperture is provided, 
the phuality of apertures should be construed to be of functionally equivalent to a singjb aperture. 

5 [0049] As mentioned above, the device 100 is configured to deliver drugs applied to die sclera 
into the vitreal cavity of the eye over a prolonged period of time. SpedficaUy, it is contemplated tliat 
the drug 157 exiting the device 100 diffuses througjh the sdeta 125 and into the target tissue, for 
example, a vitreal cavity, to ameliorate the symptoms of an ocular disorder and otherwise impart a 
localized prophylactic and/ or therapeutic effect It is, therefore, desirable that the rate of release of 

10 the drug fi:om the device maintains the drug delivered to the sclera in sufficient concentrations so 
that the drug penetrates through the sdera and into the vitreal cavity in therapeutically effective 
concentrations. During operation of the device, the sclera 125 in the area either beneath the device 
100 or otherwise in fluid communication with the chamber 155 is not punctured or made more 
permeable by permeability enhancing agents. Instead, the therapeutically effective concentration is 

15 achieved by selecting a suitable rate of release of the drug 157, which, in tum, is achieved by 

providing an aperture of proper area relative to the area of the device 100 and taking into account 
parameters, such as the solubility properties of the drug 157. 

[0050] Consistent with the considerations mentioned above, in various embodiments, the total 
area of the aperture exceeds 25%, for example, ranges from 25% to 50%, of the footprint of the 
20 base region 165 over the base plate 170. In a particular embodiment, the base r^on 165 has a 
circular footprint over the base plate 170 having a first diameter. The base plate 170 defines a 
drcular aperture 180 having a second diameter that equals at least one half of the first HifltTiM^P» 

[0051] The aperture 180 may be made in the base plate 170 using a needle or other form of 
boring instalment such as a mechanical drill or a laser to remove a section of the base plate 170. 
25 Alternatively, a specially designed punch t^ may be incorporated into the compressing equ^ment, 
in order to pierce through the base plate 170 at the point of compactioxi. 

[0052] The chamber 155 has a mftyimntn heigjit dimension indicated by the numeral H. As a 
non -limiting example, this mayiminn height dimension ranges between about 3 tntn and about 7 
mm, for example, is about 4 mm. It is contemplated that the length and width dimensions of the 
30 cavity 155, measured generally spherically of the wall of the dome member 150, are relatively much 
greater than the maximum height H. For the embodiment shown in FIG. IB, but again not limiting 
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to invention, the footprint of the base region 165 ranges firom about 25 mm* to about 400 mm^ 
for example, totak approximately 300 mm^ In certain embodiments, the drug oudetpart has a 
surfece area at least 25% of the footprint of the base region. For example, when the base region is 
dirukr and has a diameter in the range ficom 5 mm to 25 mm, die dia^ 
5 part is in the range ficom 2.5 mm to 12.5 mm. Howevei^ it is contemplated that the base re^on and 
die drug oudetpart can have a variety of different configurations but yet die surfece area of die drug 
outlet part is greater dian 25% of die surface area of the base region. 

[00531 Preferably, the volume of die chamber 155 is such diat die device 100 holds suffident 
amount of die drug to provide a continuous deHvety over die extended delivery period, e.g., several 
10 wedcs, mondis, or even longer. The volume needed thus depends on characteristics such as drug 
solubiUty, drug delivery rate, period of delivery, drug's half life, etc Once implanted, die device 
continuously delivers the drug to vitreal cavity of the eye for prolonged period of time until 
replenishment 

[0054] In order to provide for replenishment of die drug in sUu witiiout suigery or odier 
15 invasive procedure, the device 100 includes a drug inlet port 190 for injecting drug 157 into cavity 
155 of the implanted device 100. In various embodiments, the drug inlet port 190 is an aperture 
defined by wall 152 of die dome member 150^ as shown in FIGS. 3A-3B. As discussed above, it is 
desirable to prevent inadvertent puncture of die qreball by an injection needle used to replenish die 
supply of drug in die device 100. Towards diat end, die drug inlet port 190 is configured to 
20 minimize die possibility of die needle contacting the sclera 125. Mso, in various embodiments, die 
drug inlet port 190, may also include a filler material, such as, for example, polydimediylsiloxane or 
odier kinds of silicone rubber, which is penetrable by a needle or syringe but which reseals itself 
when die needle is withdrawn so tliat die port is normaHy fluid-impervious. The filler material can 
be colored to provide a mark er or taiget which is visible exterioriy, espedalty throu^ covering tissue 
25 or patches, to fedlitate location of the port by attending medical personnel 

[0055] Referring to FIG. 3A, in various embodiments, the drug inlet port 190 is an aperture 
defined by die wall 152 of the dome member 150. The location of the aperture is selected such diat 
an axis 195 perpendicular to die aperture 190 does not intersect die base plate 170, tiiereby 
minimiying die possibility of contacting the sclera 125. For example, as shown in FIG. 3B, in a 
30 particular embodiment die dome member 150 includes the base region 165 having a generally 

tubular shape, as shown in FIG. IB. Drug inlet port 190 is an aperture defined by die wafl 152 of 
die dome member 150 in die base r^on 165. In diis embodiment, die wall 152 of tbe dome 
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member 150 is substanidaUy perpendicular to Ae base plate 170 and the scleral surfece in the area of 
implantation of the device 100. As a result, axis 196 perpendicular to the aperture 190 is gpneralty 
parallel to the base plate 170 and the sdetal sur&ce in the area of in^lantation of the device 100, 
and, therefore, a needle inserted dirough aperture substantially perpendicular thereto will not contact 
the sderal sur&ce of the eye. 

[00561 Referring to FIG. 3C, in other embodhnents, Ae drug inlet port 190 further includes a 
generally tubular member 197 that is disposed in an aperture of the drug inlet port 190 defined by 
the dome member. In one embodiment, the tubular member 197 is a separate stmcture that is 
adhesively attached within the aperture. In another embodiment, the tubular member 197 is 
febricated as an integral part of the dome member ISO. The tubular member 197 defines a kimen 
having a central longitudinal axis 198. The central longitudinal axis 198 of the bmen does not 
intersect the base plate, for example, in one embodiment, is substantially parallel to the base plate. 
The tubular member 197, therefore, serves as a guide directing a needle inserted through the drug 
inlet port 190 so diat it would not contact the sclera 125. For example, the tubular member may 
15 guide the needle either parallel to, as mentioned above, or extending away from the base plate 170. 
Because the orientation of the tubular member 197 in the drug inlet port 190 in relation to the base 
plate 170 may be chosen substantially arbitrarily, direction of the central longitudinal axis 198 may 
deviate from the direction of the axis perpendicular to the aperture of the drug inlet port 198. In 
this embodiment, a choice for the safe location of the drug inlet port 190 in the wall of die dome 
20 member is less constrained compared to the embodiments of FIGS. 3A-3B. 

[0057] Referring now to FIGS. 4A-4C) to further minimize a possibili^ of inadvertent 
puncture of the eyeball by an injecdon needle used to rq^lenish the si5>pty of drugs or other agents, 
the device 100 optionally inchides a puxicture guard 200 disposed adjacent to at least one sur&ce of 
the base plate, or at least one surfoce of the dome member. The location for die puncture guard 200 
25 is selected to prevent an injection needle inserted through die drug inlet port 190 or dirou^ the w^R 
152 of die dome member 150 from contacting the sclera 125 

[0058] In some embodiments, the puncture guard 200 is a sq>arate shield stmcture attached to a 
portion of at least one s urfa ce of the base plate, or at least one surface of the dome member. The 
puncture guard 200 can be attached by soldering or adhesive bonding. In this embodiment, the 
puncture guard 200 is fabricated from a tougji material itnpenetrable by an injection needle or 
syringe, for example, a plastic, such as nylon, Kevlar, or PMMA, or metel, such as titanium or 
tantahim, or other metal or metal alloys mentioned above as suitable mafpriflk for the dome member 



30 
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150. In othei: embodiments, the puncture goatd 200 is an integral patt of the waU 152 of tibie dome 
member 150 where the matefial of the dome member 150 is selected to be needle-impenetrable. 

[0059] Referring to FIG. 4A, in one embodiment, the puncture guard 200 is a L-shaped shield 
disposed on the inside surface of the dome member ISO at die junction of the base region 165 of the 
5 dome member 150 and the base pkte 170 substantially opposite the drug inlet port 190. Other 
shapes of the puncture guard 200, for example, a funnel, are also contemplated In some 
embodiments, the puncture guard 200 is a plate disposed on inside surface of either the base region 
165 or die base plate 170 of the dome member 150, as shown in FIGS. 4B-4C, respectively. The 
puncture guard 200 may also be disposed on the outside surfaces of either the base region 165 or the 
1 0 base plate 170 (not shown). 

[0060] The mediod of the present invention and use of the device 100 ate best described by 
reference to FIGS. lA-lB. In one embodiment, the device 100 is implanted within the orbital 
socket In one procedure, device 100 is placed under the conjimcttva and Tenon's capsule, so that it 
is located between the sixpesiot and lateral rectus muscles and slighdy posteriorly of the equator of 
15 the eyeball When located as sudi, die drug inlet port 190 &cesantedody. 

[0061] A supply of drug 157 is placed in the cavity 155 before or after i£D{>lantadon. Examples 
of drugs that may be used with the device 100 are discussed in more detail below. 
If drugs or other agents need to be injected after the device 100 is implanted, the eyelid is lifted and 
the eye is rotated to expose the region where the device 100 is implanted The drug inlet port 190, 
20 when exposed, can be penetrated with an injection needle of a syringe (not shown) to introduce 
drug 157 into the cavity 155. 

[0062] If a laige volume of drug 157 is to be introduced into cavity 155, either initially or to refill 
die device 100 at a later date, venting of the cavity 155 by a second needle (not shown but placed 
through the injection port 190 simultaneously with injectbn) may be required. Injection of small 
25 volumes of drug 157 into the cavity 155, however, may not require ventkig. 

[0063] Drug and Drug Fomulation 

[0064] As discussed above, it is understood diat the drug delivery device of die invention can be 
used to deliver one or more drugs to a particular ta^t site, specificaOy, to the s cleral surface of an 
eye. When attached, the device deliveis drug to die surface of die eye, which then passes througji 
30 the sdeca and into the tatg^t tissue to ameliorate die symptoms of an ocular disorder. 
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[0065] The drug 157 can be disposed within the cavity 155 of the device 100 in solid, liquid, or 
gelfortn. As used hetein, the temi "diiig" is tmdetstood to mean any n^ 

ot inoiganic, physiologically or phattnacolog^calty active substance capable of producing a localized 
or systemic ptophylactic and/ ot therapeutic efiFect when administered to an 9n\fna\ A drug iadudes 
5 0 any active drug, any drug precursor or pro-drug that may be metabolized within the animal to 
produce an active drug (m) combinations of drugs, (Lv) combinations of drug precursors, (v) 
combinations of a drug with a drug precursor, and (vQ any of the foregoing in combination with a 
phatmaceutically accq>table carrier, exdpient or formulating agent. 

[0066] The drug may include, for example, a protein (for example, an antibody or an antigen 

10 binding portion thereof, a polypeptide, a nucleic acid (for example, deoxyribonucleic acid and/or 
ribonucleic acid), a peptidyi nucleic add, a polysaccharide, a fatty add (for example, prosta^andin), 
an oiganic molecule and an inorganic molecule, that has prophylactic and/or thetapeutic value, ie., 
elidts a desired effect, when administered to an qnim^^l The drug can iadude, for example, a 
hormone or synthetic hormone, an anti-infective agent (for example, an antibiotic, an anti-viral 

1 5 agent, and an anti-fungal agent), a chemotherapeutic agent (for example, methotrexate, 

chlorambuci], cydosporine, and interferon), an autonomic drug (for example, an anticholinetgic 
agent, adrenergic agent, adrenergic bloddug agent, and a skdetal musde relaxant), a blood formation 
or blood coagulation modulating agent (for example, an anti-anemia drug, coagulant and an anti- 
coagulant, hemorrhagic agent, and a thrombolytic agent), a cardiovascular drug (for example, a 

20 hypotensive agent, vasodilating agent, inotropic agent, 6-blocker, and a sderosing agent), a central 
nervous system agent (for example, an analgesic, an antipyretic, and an anri-convulsant), an 
immunomodulating agent (for example, etanercept, or an immunosuppresant), an anti-inflammatory 
agent (for example, a steroid, and interferon a), an anti-obesi^ agent (for example, Iqitin), an anti- 
%emic agent (for example, an inhibitor of hydroxymetfaylg^taryi co-enzyme A reductase), an anti- 

25 emetic agent (for example, cisapride and metodopramide), an anti-migraine medication (for 
example, imiixex), a chelating agent (for example, tiie iron chelator desferoxamine), and a 
conttac^tive or fertility agent 

[0067] Hie drug also embraces an angtogenesis inhibitor, ie., a compound that reduces or 
inhihttiS the formation of new blood vessels in a mummaV Angiogenesis inhibitors may be usefol in 
30 the treat me n t of various disorders associated with neovascularization, for example, certain ocular 
disotdets associated ^ neovascukmation. Exan^ks of useful angbgenesis inhibitots, include, 
for e xamp le, protein/peptide iahibitors of angiogenesis such as: angiostatin, a proteolytic fcagment 
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of plasminogen (0*Reilly al. (1994) CELL 79: 315-328, and U.S. Patent Nos. 5,733,876; 5,837,682; 
and 5,885,795) including ftill lengdi amino add sequences of ang^ostatini bioactire ficagments 
thereof, and analogs theteoft cndostatin, a proteolytic ficagment of cdlagen XVm (OTRdlly $t oL 
(1997) Cell 88x 277-285, Cim et oL (1999) Int. Biol. Marker 14: 263-267, and U.S, Patent No. 
5 5,854,205) including full length amino add sequences of cndostatin, bioacti^e ficagments thereof and 
analogs thereof; peptides containing the RGD tr^ieptide sequence and capable of binding the a-vPj 
int^;rin (Brooks 9taL (1994) CELL 1157-1164, Brooks etaL (1994) SCIENCE 264: 569-571); 
certain antibodies and antigen binding fitagments diereof and peptides that bind preferentially to the 
a-vp3 integrin found on tumor vascular cpitfielial cells (Brooks et oL, supra, Friedlander et oL (1996) 

10 Prog. Natl Acad. Scl USA 93: 9764-9769); certain antibodies and antigen binding fiagments 
thereof and peptides tiiat bind preferentially to and block or reduce the binding activity of the 
Epidermal Gtowth Factor receptor (Oatdiello etaL (1996) J. Natl. CANCER Inst. 88: 1110-1116, 
Ciardidlo etaL (2000) CLIN. CANCER RES. 6:3739-3747); antibodies, proteins, peptides and/or 
nucleic adds that preferentially bind to and inhibit or reduce die activity of Vascular Endothelial 

15 Gtowdi Factor (VEGF) (Adamis etaL (1996) ARCH OPTHALMOL 114:66-71), antibodies, 
proteins, and/ or peptides that bind preferentially to and block or reduce the binding activity of 
Vascular Endotiielial Growdi Factor receptor; anti-Fibroblast Growth Factor, anti-Epidermal 
Gtowtii Factor (Ciardidlo et aL (2000) CON. CANCER RJES. 6: 3739-3747) induding full lengdi amino 
add sequences, bioactive fcagments and analogs thereof and Pigment Epithelium-dertved Growdi 

20 Factor (Dawson (1999) SCIENCE 2035: 245-248) induding full lengdi amino add sequences, 

bioactive ficagments and analogs diereof Bioactive ftagments refer to portions of the intact protein 
that have at least 30%, more preferably at least 70%, and most preferably at least 90% of the 
biological activity of the intact proteins. Analogs refer to spedes and allelic variants of die intact 
protein, or amino add replacements, insertions or ddetions thereof diat have at least 30%, more 

25 preferably at least 70%, and most preferably 90% of the biolo^cal activily of die intact protein. 

[0068] Odier angLogenesis inhibitors indude, for example, COX-2 sdecttve inhibitors 
(Masferrer etaL (1998) Proc Amer, Asscxl CancerRes. 39: 271; Ershov et oL (1999) J. 
Neuroscl Res. 15: 254-261; Masferrer etaL (2000) CURR. MED. Chem 7: 1163-1170); tyrosine 
kinase inhibitors, for cxanq)le, PD 173074 pimitroff ^/^z^ (1999) INVEST. NEW DRUGS 17: 121- 
30 135), halofoginone (Abramovitch etaL (1999) NEOPLASIA 1: 321-329; HTIHn et aL (1999) CANCER 
Res. 5: 1982-1988), AGM.1470 (Brem et oL (1993) J. Ped. Surgery 28: 1253-1257), angiogenic 
steroids, for examp le, hydrocortisone and anecortave acetate (Penn et aL (2000) INVEST. 
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Ophthalmol. Vis. Sa. 42: 283-290), thrombospondin-l ^hafiee etoL (2000) Invest. 
OphtiHALMOL. Vis. Sa. 8: 2378-2388; Not etal. (2000) J. Vasc. Res. 37: 09-218), UCN-01 (Kmger 
etoL (1998-1999) IhTVASlON METASTASIS 18: 209-218), CMlOl ^unddl etaL (1997) CUN. Cancer 
Res. 3: 365-372); fbmaginin and analogues such as AGM-1470 (Ingbet oL (1990) NATURE 348: 
5 555-557), and odiet small molecules such as thalidomide (D'Amato et id. (1994) Proc. Natl. Acad. 
Sa.USA^/: 4082-4085). 

[0069] Several cytokines iaduding bioactive fragments thereof and analogs thereof have also 
been j:q>otted to have anti-angiogenic activity and thus may be delivered using the device of the 
invention. Examples include, for example, ILrl2, which rq)ortedly worics throu^ an IFN-y- 
10 dependent mechanism (Voest etoL (1995) J. NaTL. Canc. InsT. 87: 581-586); IFN-a, which has 

been shown to be anti-angiogenic alone or in combination with other inhibitors (Brem etaL (1993) J. 
PediaTR. Surg. 28: 1253-1257). Furthermore, the interferons IFN-a, IFN-§ and IFN-y reportedly 
have immuno logical effects, as well as anti-angiogenic properties, that are independent of their anti- 
viral activities. 

1 5 [0070] The drags suitable for use with die invention also embrace neuroprotective agents, i.e., 
agents capable of letaidin^ reducing or minimi^ttng tiie death of neuronal cells. Neuroprotective 
agents may be iiseful in the treatment of vadous disorders associated widi neuronal cell death, for 
example, certain ocular disorders including, for example, macular degeneration, retinitis pigmentosa, 
g^ucoma and diabetic retinopatiiy. Examples of neuroprotective agents include, for example, 

20 apoptosis inhibitors, for example, neurotrophic factors, cAMP elevating agents, and caspase 
inhibitors. 

[0071] Exemplary neurotrophic &ctors indude, for example. Brain Derived Growtii Factor and 
bioactive ficagments and analogs thereof (Caffe etaL (2001) INVEST OPHTHALMOL ViS SCL 42: 275- 
82); Fibroblast Growth Factor and bioacttve fiagments and analogs thereof (Bryckaert et aL (1999) 

25 Oncogene 18: 7584-7593); Pigment Epididium Derived Gtowtii Factor and bioactive ficagments 
and analogs thereof and Insulin-like Growth Factors (IGF) and bioactive fragments and analogs 
tiiereot for example, IGF-I and IGF-H ^ukenstein etaL (1991) J. NEUROSa. 11: 552-2563) and 
cytokine-assodated neurotrophic factors. Exeroplary cAMP elevating agents include, for example, 
8-(4-chlorophenylthio)-adenosine-3':5'-cyclic-monophosphate (CPT-cAMP) (Koike (1992) PROG. 

30 Neuro-PSYCHOPHARMACOL AND BlOL. PSYCHIAT. 16: 95-106), forskolin, isobutyl methylxantiiine, 
cholera toxin (Martin et aL (1992) J. Neurobiol 23: 1205-1220), 8-bromo-cAMP, N*, O^-dibutyryl- 
cAMP and N*,0^dioctanoyi-cAMP (Rydel and Greene (1988) PROC. NArt- ACAD. SCL USA 85: 
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1257-1261). Exemplary caspase inhibitors include, fot example, caspase^l inhibitois, for example, 
Ac-N-Me-I^t-Val-Ala-Asp-aldehyde, caspasc-2 inhibitors, for example, Ac-Val-Asp-Val-Ak-Asp- 
aldehyde, caspase-3 inhibitors, for example, AcAsp-Glu-Val-Asp-aldehyde, caspase^ inhibitois, for 
example, Ac-Leu-Glu-Val-Asp-aldehyde, caspase-6 inhibitors, for example, Ac-Val-Ghi-ne-Asp- 
aldehyde, caspase^B inhibitors, for example, Ac-Asp-Glu-Val-Asp-aldehyde, and caspase-9 
inhibitors, for example, Ac-Asp-Ghx-Val-Asp-aldehyde, each of which can be obtained &om 
Bachem Bioscience Laa, PA. 

[0072] As discussed, die device of the invention is useful in the treatment of a variety of ocular 
disorders, such as diabetic retinopathy, glaucoma, macular degeneration, neovasculari2ation, 
inflammation of retina, macular edema, conjunctivitis, and others. For example, the drug delivery 
device may deliver an anti-infective agent, such as, an antibiotic, anti-viral agent or anti-fangal agent, 
for die treatment of an ocular infection. Similarly, the device may deliver a steroid, for example, 
hydrocortisone, dexamethasone sodium phosphate or methylprednisolone acetate, for the treatment 
of an inflammatory disease of die eye. The device may be used to deliver a chemotherapeutic or 
15 cytotoxic agent, for example, methotrexate, chlorambucil, cydosporine, or interferon, for the 

treatment of an ocular neoplasm. Furthermore, the device may be useful in delivering one or more 
drugs for tiie treatment of certain degenerative ocular disorders, for example, 0 an adreneacgic 
agonist^ such as, epinephrine (Epifidn), diprvefdn (Propine), apradonidine (lopidine), or brimonidine 
(Alphgan); a p-blocket, such as, betaxolol (Betoptic) or timolol (Timoptic); a carbonic anhydrase 
20 inhibitor, such as, aceta2olamide piamox), methazolamide (Neptazane), dorzolamide CTrusopt), or 
brinzolamide (Azopt); prostglandin analogues, such as, latanoprost p^alatan), for tiie treatment of 
g^ucoma, (u) an integrin (such as, a lymphocyte function associated molecule (LFA-1), Mac-1 or 
pl50,95) antagonist a selectin (such as, E-sdectin, P-sdectin and I^sdectin) antagonist; an adhesion 
molecule (such as, an intercdlular Adhesion molecule (ICAM)-1, ICAM.2, ICAM-S) antagonist; a 
25 Platdet Endothelial Adhesion Molecde antagonist; a Vascular Cell Adhesion Molecule antagonist; a 
leukocyte adhesion inducing cytokine or growrii fector (such as. Tumor Necrosis Factor-a, or 
Interieukin-ip) antagonist; a Monocyte Chemotactic Protdn-l antagonist a VEGF antagonist; and 
odier molecules described in PCT/US99/31215 for die treatment of diabetic retinopadiy, (m) an 
anti-inflammatory drug, such as, a steroid (for eample, hydrocortisone, dexamefliasone sodium 
phosphate or methy^rednisolone acetate), indometiiadn, naprosyn, or a VEGF antagonist for the 
treatment of macular edema secondary to certain retinal vascular disorders. As used herdn, die 
antagonist may comprise, without limitation, an antibocty, an antigen binding portion diereof or a 
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hiosyndietic antibody binding site that binds a patticulat tatget ptotdn, for exampk, ICAM-1; an 
antisense molecule tiiat hybridizes in vivo to a nucleic add encoding a tatget protein ot a tegulatoty 
element associated thetewidi, or a ribozyme, aptamet, ot small molecule that binds to and/ot 
inhibits a taiget protein, for example, ICAM-l, or that binds to and/or inhibits, reduces or otherwise 
5 modulates expression of nudeic add encoding a taiget protein, for example, ICAM-1. 

[0073] The drug or drugs of interest may be introduced into cavity 155 dther in pure form or as 
a formulation, for example, in combination iwith a phatmaceutically acceptable carrier or 
encapsulated TOthin a tdease system. A rdease system can indude a toatrix of a biodegradable 
material or a material which rdeases incorporated drug by diffusion. The drugs can be 

10 homogeneously or heterogeneously distributed within the rdease system. A variety of rdease 
systems may be useful in the practice of die invention, however, the choice of the appropriate 
system will depend upon rate of drug rdease requited by a particular drug regime. Both non- 
degtadable and degradable rdease systems can be used. Suitable rdease systems indude polymers 
and polymeric matrices, non-polymeric matrices, or inorganic and organic exdpients and diluents 

15 such as, but not limited to, caldum carbonate and sugar. Rdease systems may be natural or 

syathetic. However, synthetic rdease systems are preferred because general^ they are more reliable, 
more reproducible and produce more defined rdease profiles. The rdease system material can be 
selected so that drugs having different molecular weights are rdeased from a particular cavity by 
diffusion through or degradation of the material Biodegradable polymers, bioerodflble hydrogds, 

20 and protein delivery systems currendy are preferred for drug rdease via difiEusion or d^radation. 

[0074] Representative synthetic, biod^radable polymers indude, for ftvamplft; polyamides such 
as poly(amino adds) and polypeptides); polyesters sxich as poly^actic add), poly(glyco]ic adi^, 
po]y(lactic-co-gjlycolic add), and poly(caprolactone); poly(anhydrides); polyorthoestets; 
polycarbonates; and chemicd derivatives thereof (substitutions, additions of chemical groiq>s, for 

25 cxan^le, aDqrl, aOsylene, hydroxylations, oxidations, and other modifications routinely made by those 
skilled in the art) ^ copolymers and mixtures diereof Representative synthetic, non-d^radable 
polymers indude, for examp le: polyethets such as poly(ethylene oxide), poly(ethyIene glycol), and 
poIy(tetramethylene oxide); vinyl polymers^oljracr^tes and polymethacrylates such as me&yl, 
ethjd, other alkyl, hydro^ethyl methacrylate, acrylic and methacryiic adds, and others such as 

30 poly(vinyl alcohol^, poly(viDyl pyrolidone), and poty(vinyi acetate); poly(urethanes); cettulose and its 
derivatives such as alk^ hydroxyall^ ediers, esters, nitrocellulosei, and various cellulose acetates; 
polysiloxanes; and any ch emical derivatiTCs thereof (substitutions, additions of chemical groijqps, for 
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example, alkyl, alkylene, hydroxyktions, oxidations, and otiier modifications toutindy made by those 
skilled in the att), copolyinets and mixtutes theteo£ 

[0075] In one embodiment of the indention, the device 100 contains an aptamet, ptefetably an 
anti-VascuIat Endothelial Gtowdi Factor (VEGF) aptamer, optionally encapsulated in 
5 biocompatible polymer microspheres. The aptamers, such as the anti-VEGF aptamers, may be used 
in the treatment of a variety of disorders associated with VEGF activity, for example, neovasculature 
associated \rith die activation of the VEGF receptor by a VEGF molecule. In such a system, the 
administration of tibe VEGF aptamer acts by binding the VEGF receptor to block, prevent or 
otherwise minimize the binding of a natural^ occurring VEGF molecule to that receptor. The 
1 0 aptamers may be useful in the treatment of ocular disorders that are initiated, mediated, or fedlkated 
by means of the VEGF receptor. 

[0076] In the case of aptamer containing microspheres, die microspheres may deliver the 
aptamer of interest over a prolonged period of time into the tissue or body fluid surrounding the 
microspheres thereby imparting a localized prophylactic and/or therapeutic effect It is 
1 S contemplated that the microspheres may administer the aptamer of interest over a period of weeks 
(for examp le, 1, 2, or 3 weeks), and more preferably months (for example, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 
or 11 months), or longer. 

[0077] The VEGF aptamer can be released £com the microspheres xmdet physiological 
conditions over a period of time, typically at least 20 days, and, when released, retains its biological 
20 activity. The microspheres include the anti-VEGF aptamer and a biocompatible polymer, where the 
amount of die aptamer in the microsphere varies ficom 0.1% to 30% (w/w), 0.1% to 10% (w/w), or, 
desirably, 0.5% to 5% (w/ w) of the microsphere. The microspheres may further inchide a stabilizer, 
for example, a sugar, for example, trehabse. hi one embodiment, the mass ratio of aptamer to 
trehalose in the microsphere is at least 1:3. 

25 [0078] In some embodiments, the biocompatible polymer is a degradable polymer. Degtadable 
polymers useful in the preparation of the microspheres include polycarbonates, polyanhydrides, 
polyamides, polyesters, polyorthoesters, and copolymers or mixtures thereoE Exemplary polyesteis 
inchide poly(Iactic add), poIy(^yco]ic ad^, poly(lactic add-co-glycolic adc^, polycaprolactone, 
blends thereof and copolymeis thereoi Desirably, the half-life for Ae degradation of the 

3 0 degtadable potymer under physiological conditions is at least about 20 days and more preferably is at 
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least about 30 days. In a prefetted embodiment, the mictosphetes comprise a poly(lactic acid co- 
glycolic ad(Q (PLGA) polymeL 

[0079] In odier emboditnents, die biocompatible polymet is a non-degmdable polymer. Non- 
d^tadable polymers useful in the preparation of the microspheres include polyethers, vinyl 
5 polymers, polyurethanes, ceMose-based polymers, and polysiloxanes. Exemplary polyethers 
include poly (ethylene oxide), poly (ethylene glyco^, and poly (tetramethylene oxide). Exemplary 
. vinyl polymers include polyacryktes, acrylic adds, poly (vinyl alcohol), poly (vinyl pyrolidone), and 
poly (vinyl acetate). Exemplary cellulose-based polymers indude cellulose, alkyl cellulose, 
hydroxyalfcyl cellulose, cellulose ethers, cellulose esters, nitrocellulose, and cellulose acetates. 

10 [0080] Whichever bioconq)atible polymer is used, in one etnbodimen^ die microspheres 

preferably have an average diameter in the range ftom about 1 (im to about 200 [im, ficom about 5 
jun to about 100 fim, and from about 10 [xm to about 50 urn. In one embodiment, the 
microspheres have an average diameter of about 15 |im. 

[0081] Hie microspheres may be used to deliver an aptamer of interest to a presdected locus, 
IS for example, an eye, in a mammal, for example, a human, on a sustained basis. In a preferred 
embodiment, the microspheres of the invention petmit die sustained ddivery of an anti-VEGF 
aptamer. One anti-VEGF aptamer of interest is known in the art as EYEOOl and was formerly 
known in die art as NX1838 (see, Dtolet eiaL (2000) PHARM. RES. 17:1503-1510; Ruckman efoL 
(1998) J. BIOL. CHEM. 273:20556-20567; CarrasquiDo elaL (2003) INVEST. OPHTHMAL VIS. 
20 SCL 44:290-299). EYEOOl is available ftom Eyetech Pharmaceuticals (New York, NY) and was 
identified by the systematic evolution of ligands by e^onential enrichment (SELEX) process 
Ruckman etaL (1998) J. BlOL. Chem. 273:20556- 20567; Costantino et aL (1998) J. Pharm. Sci. 
87:1412-1420). EYEOOl can be supplied as a liquid formulation of 3 mg/200 (jlL saline solution, 

[0082] EYEOOl is a pegylated RNA aptamer of 50 kDa, with an A-type secondary structure, 40 
25 mg/ mL solubility, and a net negative chaige of -28. The stmcture of EYEOOl is 5'-[40 kd PEG]- 
PN-(CH2)50].pCi)G^Gj)Aj,Aj)UjC4>A^ 

pUi>G^Cj)U^Ua)A^Uj)A^Cj)A^U4>C4)Ci>G„3'-p-3*dT. The 40 kd PEG component 
represents two 20 kilodalton-poIy(ethylene gjt^col) polymer rtiain<a covalendy attached to die two 
amine groups on a lysine residue via carbamate linkages. This moiety is in turn linked to the 
oligonucleotide via a bifimctional amino Imfa^t; [HN-(CHy50-]. The ItnVf^r is attached to the 
oligonucleotide by a standard phosphodiester bond; p tq)resents the phosphodiester fimctional 
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groins that link sequential nucleosides and that link the amino linker to die oligonucleotide. All of 
the phosphodiester groups are negative^ charged at neutral pH and hav^e a sodium atom as die 
counter ion; G„ or A« and Q or Uf and A^represcnt 2'-medioxy; 2*-£luoro and 2*-hydroxy variations 
of dieir respective purines and pyrimidines; Q A, U, and G is die single letter code for cytidylic, 
5 adenylic, uridylic, and guanylic adds. All phosphodiester linkages of this conq>ound, vAAx die 
exception of the 3 -terminus, connect the 5' and 3' oxygens of die ribose ring. As shown, the 
phosphodiester linkage between die 3'-terminal dT and the penultimate G„ links dieir respective 3'- 
oxygens. This is referred to as a 3*, 3' cap. 

[0083] Although the EYEOOl aptamer is preferred, it is contemplated that the microspheres 
10 may encapsulate odier aptamers of interest and release them on a sustained basis. 

[0084] In order to permit sustained delivery of an aptamer of interest, die aptamer is 
encapsulated widiin a microsphere comprising a biocompatible polymer. The choice of die 
appropriate microsphere system will depend upon rate of aptamer release required by a particular 
r^;ime. The ^tamer mzj be homogeneously or heterogeneously distributed within die 

15 microspheres. Furdiermore, both non-degradable and degradable inicrospheres can be used. 
Suitable microspheres may include polymers and polymeric matdces, non-polymeric matrices, or 
inorganic and organic exc^ients and diluents such as, but not limited to, calcium carbonate and 
sugar. Syndietic polymers are preferred because generally they are more reliable, more rq>roducLble 
and produce more defined release profiles. Ihe microspheres can be designed so diat aptamers 

20 having di£Eerent molecular weights are released by diffusion dirou^ or degradation of the 
microspheres. 

[0085] As mentioned, it is contemplated that useful biocon^atible polymers may indude 
biodegradable and/ or non-biodegradable polymers. Suitable biodegradable polymers useful in the 
pr^)aration of die microspheres indude polycarbonates, pofyanhydndes, polyamides, polyesters, 

25 polyordioesters, and copolymers or mixtures diereof. Exemplary polyesters indude polyQactic add), 
polyd^ycolic add), poly(lactic add-co-glycolic adc^, polycaprolactone, blends thereof and 
copolymers thereof. Desirably, the half-life for the degradation of the degradable polymer under 
physiological conditions is at least about 20 days and more preferably is at least about 30 days. 
Suitable non-biodegradable polymers useful in the preparation of microspheres indude polyetiiers, 

30 vinyl polymers, polyuredianes, cellulose-based polymers, and polysiloxanes. Exemplary polyethets 
include poly (ethylene oxide), poly (ediylene ^co^, and poly (tetramethyiene oxide). Exemplary 
vinyl polymers indude polyacrylates, acrylic adds, poly (vinyl alcoho^, poly (vinyl pyrolidone), and 
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poly (vinyl acetate). Exemplary cdhlose-based polymets include cellulose, alkyl cellulose, 
hydroxyalkyi ceQulose, cellulose ethets, cellulose estexs, nittocellulose, and cellulose acetates. 

[0086] It is contemplated that in otdet to ptoduce die apptoptiate tdease kinetics, die 
xnictosphetes may compdse one ot mote biodegradable polymets ot one or mote non- 
5 biod^;tadable polymets. Futdietmote, it is contemplated that die mictosphetes may comptise one 
ot mote biod^tadable polymets in combination widi one ot mote non-biodegcadable pofymets. 
Whichevet biocompatible polymet is used, in one embodiment, the mictosphetes ptefeiably have an 
avetage diametet in the tange £tom about 1 (im to about 200 |im, fi:om about 5 (mi to about 100 
(mi, and from about 10 |Jim to about 50 |mL In one embodiment die mictosphetes have an avetage 
10 diametetof about 15 |jLm. 

[0087] In a particular embodiment, the microspheres are fabricated £tom PLGA. Aptamer 
containing PLGA microspheres can be prepared, for example, \ising non-aqueous oil-in-oil methods 
(see, Cartasquillo et aL (2001) J. CONTROL RELEASE 76:199-208). Btiefly, 25 to 30 mg of solid 
aptamet is suspended in a solution of 200 mg/2 mL PLGA (Resomer 502 H, Lv. inherent viscosity) 

15 0.16-O.24 dL/g, 0.1% in chloroform, 25*^0, molecular weight [Mw] 10 to 12 kDa, half-life for 
degtadation apptoximately 1 to 1 .5 months; Boehringer Tngp1>iPim Pharma KG, Ingelheim, 
Germany) in methylene chloride using a homogenizet (Polytton, model PT 1200C; Btinkman, 
Wesdjuty, NY) having a standard 12-mm diametet genetatot at apptoximately 20,000 tpm fot 1 
minute. Aftet suspension of the aptamet, a coacetvating agent, fot example, poly(dimeth.^siloxane), 

20 optionally can be added at a tate of 2 mL/ tntn under constant homogenization, to ensure 
homogeneous dispersion of die coacetvating agent, phase separation of PLGA dissolved in 
methylene chloride, and formation of mictosphetes. Hie coacetvating mixtute containing die 
mictosphetes dien is pomed into an Edenmeyer flask containing 50 tnT. heptane under constant 
agitation and stitted fot 3 hours at toom tempetature to allow for hardening of die microspheres. 

25 Mictosphetes dien ate collected by filttation widi the use of a 0.22-fmi nylon filter, washed twice 
with heptane, and dried fot 24 hours at a vacuum of 80 mbat. 

[0088] Encapsulation eftidency can be determined using standatd methodologies (Catrasquillo 
^oL (2001) J. Pharm Pharmacol. 53:115-120). For example, ten rr^\\x^^^<, of PLGA 
microspheres ate placed in 2 mL methylene chlotide and stitted fot 30 m^^^^^^g to dissolve the 
30 polymet. The solution then is ccntcifuged at 10,000 rpm for 10 minutes to precipitate the insoluble 
RNA aptamet. The siq>ematant then is removed, and die remaining methylene chloride allowed to 
evaporate. In order to ensure evaporation of the mediylene chloride, the sample can be placed in a 
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vacuum fot 24 hoiirs. The aptamer then is dissohred in Dulbecco's phosphate-buffeted saline 
PPBS; GibcoBRI^ Gtand Island, NY), and the concentration of entrapped aptamer in PLGA 
detemiined spectrophotomettically. The percentage encapsulation efficiency can be calculated by 
relating the e^edmental aptamer entrapment to the theoretical aptamer entrapment 
(experimental/theoreticaQ x 100. 

[0089] In one embodiment, the microspheres include the anti-VEGF aptamer and a 
biocon^tible polymer, where the amount of the aptamer in the microsphere varies from 0.1% to 
30% (w/w), 0.1% to 10% (w/w), or, desirably, 0.5% to 5% (w/w) of the microsphere. It is 
understood diat nudeic adds may suffer from depurination and become susceptible to free radical 
oxidation in aqueous solutions (Undahl (1993) Nature 362:709-715; Demple et aL (1994) Annu 
Rev BiOCHEM. 63:915-948). This effect may be reduced, minimized or eliminated by the addition 
ofastabilizer, for example, a sugar. An effective stabilizer is the sugar, trehalose. In one 
embodiment, the mass ratio of aptamer to trehalose in the microsphere is at least 1 :3. 

[0090] It is contemplated that the microspheres may comprbe an anti-VEGF aptamer in 
combination with anodiet angiogenesis inhibitor, that is, a compound tihat reduces or inhibits Ae 
formation of new blood vessels in a mammal, For easunple, the microspheres may comprise two or 
more different anti-angiogenesis aptamers. Altemattvdy, the microspheres in addition to containing 
an anti-VEGF aptamer may also indudc another type of angic^enesis inhibitoj^ for example, an 
angiogenic steroid, for example, hydrocortisone and anecorteve acetate (Penn et id. (2000) INVEST. 
Ophthalmol. Vis. Sa. 42:283-290), or anodier small molecule, for example, thalidomide 
(D'Amato etoL (1994) Proc. Natl Acad. Sa. USA ^/:4082-4085). 

[0091] It is conten^lated that the aptamer-containiog microspheres delhrered to the sderal 
sur&ce of the eye using tibie device 100 may be used in a variety of different applications. In one 
embodiment, the microspheres may be used to administer the aptamers to an eye thereby to treat or 
ameliorate the symptoms of one or more ocular disorders. For example, the microspheres may be 
particularly useful in the treatment of a variety of ocular disorders, for exan^le, optic disc 
neovascularization, iris neovascularization, retinal neovascularization, choroidal neovascularization, 
corneal neovascularization, vitreal neovascularization, glaucoma, pannus, pterygium, macular edema, 
vascular retinopathy, retinal degeneration, uvdtis, inflammatory diseases of the retixia, and 
proliferative vitceoretinopathy. The corneal neovascularization to be treated or inhibited may be 
caused by trauma, chemical bums and corneal transplantation. The iris neovascularization to be 
treated or inhibited may be associated with diabetic retinopathy, vein ocdusion, ocular tumor and 
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tetinal detachment The letinal neovascularization to be treated ot inhibited may be associated \vidi 
diabetic tetinopathy, vein occlusion, sidde cell retinopathy, retinopathy of prematurity, retinal 
detachment, ocular ischemia and trauma. The intravitteal neovascularization to be treated or 
inhibited may be associated vnAi diabetic retinopathy, vein ocdusion, sidde cell retinopatiiy, 
retinopathy of prematurity, retinal detachment, ocular ischemia and tmuma. The choroidal 
neovascularization to be treated or inhibited may be associated with retinal or subretinal disorders of 
age-related macular degeneration, presumed ocular histoplasmosis syndrome, myopic degeneration, 
angloid streaks and ocular H-gmma. 

INCORPORATION BY REFERENCE 
[0092] The entire disclosure of each of the publications and patent documents referred to 
herein is incorporated by reference in its entirely for all purposes to die same extent as if the 
teachings of each individual publication or patent document were included herein. 

EQUIVALENTS 

[0093] Hie invention may be embodied in other specific forms witiiout departing horn the 
spirit of essential characteristics thereof. The foregoing embodiments are tiierefore to be considered 
in aU respects illustrative ratiier than limiting on die invention described ha Thescopeof the 
invention is thus indicated by the appended claims rather than by tte foregoing description, and all 
changes tiiat come widiin die meaning and range of equivalency of die daims are intended to be 
embraced therein. 
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WhsLt is claimed is: 



1 1. A ttanssdetal drug deltvrety device for ddhretixig a drug into a mammalian eye^ the device 

2 comprising: 

3 (a) a dome member having a base r^on, the dome member defining a cavity for 

4 receiving the drug and 

5 (b) a base plate attached to the base region, the base plate having a sclera-contacting 

6 siirfece for attaching the device to a scleral surface of the eye, the base plate defining at least 

7 one drug oudet port to provide fluid flow communication between the cavity and the scleral 

8 surface of the eye when the device is attached to the eye, the drug oudet port comprising at 

9 least 25% of the footprint of the base r^on. 

1 2. The device of claim 1, wherein the base plate has a first diameter and defines at least one 

2 drug oudet port having a second diameter, and wherein the second diameter is at least one 

3 half of the first diameter. 

1 3. The device of claim 1, wherein the dome member further defines a drug inlet port for 

2 introducing the drug into the cavity. 

1 4. The device of daim 3, wherein at least a portion of the dome member is substantially 

2 impenetrable to a needle inserted throu^ the drug iolet port 

1 5. Hie device of daim 3, herein at least a portion of the base plate is substantially 

2 impenetrable to a needle insetted through the drug inlet port 

1 6. The device of daim 3 fiirther comprising a puncture guard for preventing a needle inserted 

2 through the drug inlet port fix^m contacting the sderal sur&ce of the eye. 

1 7. The device of daim 6, wherein the puncture guard is disposed adjacent to at least one 

2 surface of the base plate. 

1 8. The device of daim 6, wherein the puncture guard is disposed adjacent to at least one 

2 surface of the dome member, 

1 9. The device of daim 6^ \dierein the puncture guard is fihriratpH frntn a rigtH tnafyttal 

1 10. The device of daim 9, ^fdierdn the dg^dtnaterial comprises a metaL 

1 11. l^e device of claim Ij'odierein the base plate is integtal with the dome member. 

1 12. Hie device of daim 1, wherein at least one of the dome member and the base plate is 

2 fabricated £tom a biocompatible^ non-biodegtadable fnatpWal 

1 13. The device of daim 12, wherein the biocompatible, non-biodegtadable matiprHil is a metaL 

1 14. Tlie device of dafm 1^ fiirtfiet- cnmp^fHng o Hmg Hf^ypo^^^ w<*^i*^ rAxn^y. 
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A ttansscletal dtug delkety device for ddtvering a drug into a mammalian eye, the device 
comprising: 

(a) a dome member having a base region, the dome member Hpfinmg a cavity 
for recehdng the drug and at least one drug inlet port for introducing the drug into 
the cavity; 

(b) a base plate attached to the base tegion, the base plate having a sdeta- 
contacting surfece for attaching die device to a scleral sur&ce of the eye and defining 
a drug outlet port to provide fluid communication between the cavity and the scleral 
surface of the eye when the device is attached to the scleral surfece; and 

(c) a puncture guard for preventing a needle inserted through the drug inlet 
port fixim contocting die scleral surEsice. 

The device of daim 15, wherein die puncture guard is attached to at least one surfece of the 
base plate. 

The device of daim 15, wherein die puncture guard is attached to at least one sur&ce of die 
dome member. 

The device of daim 1 5, wherein the puncture guard is febricated firom a rigid 

The device of daim 18, wherein die rigid material comprises a metal 

The device of daim 18, wherein the base plate is integral widi the dome member. 

The device of daim 18, wherein at least one of the dome member and the base plate is 

£d3ricated from a biocompatible, non-biodegtadable rrx^ifm^y 

The device of daim 21, whereb the biocompatibfe, non-biodegradable nifl»<>rta1 is a metaL 

The device of daim 15, further comprising a drug disposed within the cavity. 

A tcanssdetal drug delivery device for delivering a drug into a matnmgliati eye, the device 

com pfifdng ; 

(a) a dome member having a base region, the dome member defining a cavity 
for receiving the drug and at least one drug iolet port for introducing the drug into 
die cavity, the drug inlet port configured to prevent a needle inserted theredirougji 
fixwn contacting a sderal sur&ce of the eye when the device is attached to die eye; 
and 

(b) a base plate attached to the base r^on, die base plate having a sclera- 
contacting surfece for attaching die device to die scleral sur&ce and defining a drug 
outlet port to provide fluid flow communication between the cavity and the scleral 
sur&ce when the device is attached to die eye 
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1 25. The device of claim 24, whetein the drug inlet port comprises an aperture defined by the 

2 dome member and having an axis orthogonal to the aperture, the axis not intersecting the 

3 base pkte. 

1 26. The, device of c laim 25, wherein the axis is substantially parallel to the base pkte. 

1 27- The device of claim 24, wherein the drug inkt port comprises a general^ tubular member 

2 defining a lumen having a central longitudinal axis and disposed in an aperture defined by 

3 the dome member, the 'central longitudinal axis of the lumen not intersecting the base pkte. 

1 28. The device of claim 27, whereb the central longitudinal axis of the lumen is substantially 

2 parallel to the base pkte. 

1 29. The device of claim 24, further comprising a drug disposed within the cavity. 

1 30. A mediod of delivering a drug into a mammflliafi eye, the mefhrv! r ntnpWgmg - 

2 (a) attaching the drug delivery device of daiml to a scleral sur&ce of the eye; and 

3 (b) pennitting drug disposed within die dome member to exit the cavity and contact 

4 the scleral sur&ce. 

1 31. The method of claim 30 fiirther conq>rising the stsp of prior to or after step (a) introducing 

2 drug into the cavity. 
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